Objective: Visfatin is a recently discovered adipocytokine that contributes to glucose and obesityrelated conditions. Until now, its responses to the insulin-sensitizing agent metformin and to exercise are largely unknown. We aim to investigate the impact of metformin treatment and/or swimming exercise on serum visfatin and visfatin levels in subcutaneous adipose tissue (SAT), peri-renal adipose tissue (PAT) and skeletal muscle (SM) of high-fat-induced obesity rats. Materials and methods:
INTRODUCTION
T he metabolic syndrome (MS) is a cluster of several metabolic abnormalities, including central (intraabdominal) obesity, insulin resistance, hypertension, dyslipidemia and hyperglycemia, that has become one of the major public-health challenges (1) . Obesity plays a causative role in the pathogenesis of MS (2) . While abdominal obesity is determined by the accumulation of both subcutaneous adipose tissue and visceral adipose tissue, excess accumulation of visceral adipose tissue appears to play a more significant pathogenic role. Adipose tissue secretes a number of bioactive peptides or proteins, named adipokines. Since the first adipokine, leptin, was discovered in 1994, the adipose tissue has been granted many vital roles in addition to energy storage, making it an endocrine organ in its own right (3, 4) .
Visfatin, associated with a wide range of biologic effects, including glucose and lipid metabolism, has been implicated in the pathogenesis of diabetes and obesity. It is previously described as a pre-B cell colonyenhancing factor, which is abundantly expressed in visceral adipose tissue. Numerous evidences indicate that visfatin plays an important role in glucose homeostasis (5) . It has been shown that visfatin binds to the insulin receptor at a distinct site, and exerts its hypoglycemic activity by reducing glucose release from hepatocytes, and stimulating glucose utilization in peripheral tissues (6) . The synthesis and secretion of visfatin are shown to be up-regulated in several animal models of obesity, as well as human with abdominal obesity and/or type 2 diabetes mellitus (7) (8) (9) .
Metformin is widely used as a hypoglycemic agent in the treatment of type 2 diabetic patients. The hypoglycemic activity of metformin is related to the reduction of hepatic glucose output and gluconeogenesis, and stimulation of glucose utilization in the skeletal muscle (10) . Physical exercise exerts an immediate and substantial elevation of energy expenditure (11) , improves the metabolic risk profile, and reduces mortality (12) . Both metformin and physical exercise have been recommended in the treatment of diabetes associated with obesity. However, little is known about the mechanism of metformin and physical exercise affecting visfatin levels in obesity.
The focus of the present study was to investigate the effects of metformin and swimming exercise on visfatin levels in a high-fat-induced obesity rat model.
MATERIALS AND METHODS

Animal model and treatment protocol
Animal experiments were conducted in accordance with the Declaration of Helsinki and the An Hui Medical University Guide for the Care and Use of Laboratory Animals. Male Sprague-Dawley rats (160-190 g) of 6 weeks of age were supplied by the An Hui Medical University.
Animals were housed in individual cages under constant temperature (25 ± 1°C) and humidity (50-60%) with a 12h-light and 12h-dark cycle. After being acclimatized to the housing for one week, a total 70 rats were randomly divided into normal control group (NC, n = 10) fed a normal diet, and a high-fat diet group (HF, n = 60) fed a high-fat diet. Both diets were purchased from the An Hui Medical University, and the nutrient composition of the high-fat diet expressed as a percentage of weight content was as follows: 34% carbohydrate, 19% protein, and 22% lipid (lard as the major source of lipids), with the same amount of fiber, vitamins, and minerals as in the normal diet. After being fed for 16 weeks, the obesity model was established from the HF group and was re-divided into four groups: metformin (MET, n = 10), swimming exercise (SWI, n = 10), adjunctive therapy of metformin and swimming exercise (MAS, n = 10), and obesity control (OB, n = 10). Metformin, purchased from Squibb Company, was administered orally to the MET group and MAS group at a dose of 200 mg/day. Exercise was performed in plastic barrels filled with warm water at 35°C 5 days a week for 1 h, as previously described (13) in the SWI group and MAS group. The animals were weighed every week during the 6 week-treatment. Rats in NC group and OB group were fed with the normal diet and high-fat diet respectively, without any treatment. Body weight (BW), fasting blood glucose (FBG), triglycerides (TG), total cholesterol (TCH), fasting insulin (FINS), and serum visfatin were detected before and after 6 weeks of treatment. At the end of 22 weeks, animals were killed by decapitation at designated time points. Subcutaneous adipose tissue (SAT), peri-renal adipose tissue (PAT) and skeletal muscle (SM) were rapidly separated from the omentum, perirenal adipose pad and lower limbs, respectively, frozen in liquid nitrogen, and stored at -80°C.
respectively. Serum concentrations of FBG, TG, and TCH were measured using an automatic blood chemistry analyzer (Roche Modular DPP Switzerland). FINS was determined by radioimmunoassay kits (R&D Company USA) and serum visfatin was determined by enzyme-linked-immunosorbent assay kit (R&D Company USA).
Western blot analysis
Each protein sample was subjected to 12% NuPAGE gradient gel electrophoresis and transferred onto a nylon membrane. The membrane was blocked by TBS-T (20 mM of Tris-HCl, pH 7.5, 137mM of NaCl, and 0.1% Tween 20) containing 5% nonfat dry milk, and then expressions were detected using dilutions of the primary antibodies. Membranes were washed in 0.1% Tween-20/TBS, and then incubated with horseradish peroxidase-conjugated secondary antibody. Bound antibodies were visualized using an enhanced chemiluminescence reagent (Pierce Company USA), and quantified by densitometry using an electrophoresis image analysis system (FR980, Shanghai Furi Science & Technology). Data were expressed as relative density of the protein normalized to β-actin. The rates of inhibition were estimated by comparison with the untreated control (100%). Triplicate experiments with triplicate samples were performed.
Statistical analysis
Data were described as means ± SD. All comparisons were conducted by ANOVA (one-way analysis of variance) and Duncan's multiple comparison tests to identify differences among the groups in the SPSS/ PC statistical program (Version 10.0 for Windows; SPSS, Chicago, IL, USA). P value less than 0.05 was considered statistically significant.
RESULTS
Biochemical analysis
As shown in Table 1 , BW, FBG, TG, TCH, FINS, and serum visfatin levels of each group in the obesity model were higher than those in the NC group, with statistical significance (P < 0.01 or P < 0.05). There was no statistical difference among the four groups of the obesity model established from HF group.
After 6 weeks of treatment, BW, FBG, TG, TCH, FINS, and serum visfatin levels in the group of MET, SWI, and MAS were decreased compared to the OB group (P < 0.01 or P < 0.05, Table 2 ). Although there was a more significant change of the biochemical markers in MAS group, the data did not show statistical differences between the MAS group and the MET/SWI group. Thus, an investigation with a larger sample size may be further needed.
Impact of metformin in induced obesity rats Table 1 . Comparison of metabolic parameters and visfatin levels among the five groups before intervention (mean ± SD) 
Effects of different treatments on visfatin levels in SAT, PAT and SM
We examined the expression levels of visfatin protein by western blot in different tissues of the five groups. As shown in figure 1 , the expression of visfatin protein in PAT of the obesity group was higher than that of the NC group, which was also observed in SAT and SM ( Figure 1B and 1C) . In SAT and PAT, visfatin expression levels in the MAS group, MET group, and SWI group were decreased after intervention compared to OB group, specially in the MAS group. However, in the NC, visfatin levels in the MAS group, MET group, and SWI group were decreased with no statistical significant difference.
the study include: (a) both metformin treatment and swimming exercise can down-regulate visfatin levels in serum and adipose tissue; (b) neither treatment has effect on visfatin levels in skeletal muscle; (c) both therapies can significantly improve insulin sensitivity and glucolipid metabolism. Adipose tissue participates in the glucose metabolism by secreting various adipokines, which are frequently associated with the action of insulin. Visfatin, a recently discovered adipokine, has been shown to play a role similar to insulin in insulin-sensitive tissues, such as liver, muscle, and fat (8) . Visfatin may play a dual role: an endocrine role, by modulating insulin sensitivity in peripheral organs; and an autocrine/paracrine function on visceral adipose tissue, facilitating differentiation and fat deposition (14) . Though Pagano (15) have reported decreased plasma visfatin and its messenger RNA in subcutaneous adipose tissue of obese subjects, several other studies have reported elevated blood visfatin levels in patients with T2DM (9,16) or in obese children (17) . Consistent with most findings, we noted significantly higher visfatin levels in obese rats compared with the controls in our study. Additionally, higher visfatin levels in perirenal adipose tissue were found compared with that in subcutaneous adipose tissue and skeletal muscle, which indicated that visceral adipose tissue was the major source of visfatin. However, the effect of hypoglycemic treatment on visfatin levels has not been thoroughly studied until now. Thus, the effect of metformin and swimming exercise treatments on visfatin levels was observed in our study.
There is limited data about the effect of metformin on adipokines, especially on visfatin. Hsieh and cols. (18) reported that two different metformin formulations had no effect on insulin sensitivity and serum visfatin in patients with T2DM, but patients in this study were under anti-diabetic treatment before enrolment. To avoid this potential drawback, Erdem and cols. (19) designed a study and observed that 12 weeks' treatment of metformin significantly improved glycemic control and insulin sensitivity in 44 newly diagnosed and untreated T2DM patients, but still did not change visfatin levels. Accordingly, a new report demonstrated that insulin-sensitizing modalities induced non-significant change of plasma visfatin (20) . The insulin-mimetic action of visfatin may be mediated by binding to the insulin receptor via a distinct binding site. In addition, visfatin gene expression has been recently found to be enhanced in macrophages of Impact of metformin in induced obesity rats • P < 0.01, ▲ P < 0.05, compared with Normal control (NC) group; △ P < 0.01, * P < 0.05, compared with obesity (OB) group; □ P < 0.05, compared with Metformin and Swimming (MAS) group; human unstable carotid and coronary atherosclerotic lesions, where the influence of insulin sensitizers seems to be limited (8, 21) . The mechanisms cited above indicate that insulin sensitizers may have little effect on visfatin. On the contrary, we found in our study that visfatin levels in serum and adipose tissue decreased after the treatment of metformin. A recent study conducted in patients with polycystic ovary syndrome, a condition with insulin resistance, also showed that visfatin levels decreased compared with the control group after metformin treatment for 3 months (22) . It was reported that visfatin secretion was regulated by insulin and glucose by means of the phosphatidylinositol 3 kinase and protein kinase B pathways (23) . Other study have shown that metformin has direct actions on adipocytes and skeletal tissue and inhibits plasminogen activator inhibitor-1 in adipose tissue and stimulates AMP-activated protein kinase in mice (19) , which may explain what we have observed in the present study. But we did not see any changes in visfatin expression levels in skeletal muscle, neither did Varma and cols. (24) . We speculated that low expression levels in skeletal muscle and different detection methods might be responsible for the controversial results. The present study showed that rats on a high-fat diet not only displayed marked increases in body weight, but also more pronounced insulin resistance and dyslipidemia, and 6 weeks of swimming exercise improved these signs of MS. Because exercise training has a profound effect on the prevention and treatment of obesity and diabetes, it was hypothesized that the effects might be mediated by adipocytokines. However, the effect of exercise training on adipokines was not consistent, and exercise-induced changes in visfatin have rarely been described.
Previous studies (25, 26) showed a reduction in plasma visfatin after aerobic exercise training in patients with type 2 diabetes and type 1 diabetes compared with matched controls. In addition, exercise training that resulted in weight loss induced significant reductions in plasma visfatin in young, overweight Korean women (27) . Visfatin was also measured in response to acute exercise bouts where visfatin mRNA expression in SAT was found to be elevated threefold in the hours immediately after exercise (28) . These findings demonstrated that both acute and chronic exercise affected the regulation of visfatin. In the present study, we observed that visfatin levels decreased in serum and adipose tissue compared with sedentary controls after 6 weeks of swimming exercise. The exact mechanisms
have not yet been fully elucidated. We also observed that glycemic control and insulin resistance were improved after exercise. It was suggested that visfatin might be sensitive to nutrient availability, and there might be a negative feedback of insulin on glucose-induced visfatin release. Visfatin is expressed by both adipose tissue and skeletal muscle, and evidence of a cross-talk between muscle and adipose tissue is provided by the finding of gene activation in abdominal subcutaneous fat during leg muscle work (29) .
Nevertheless, we did not observe any change of visfatin expression levels in skeletal muscle, as hypothesized. Visfatin change levels in the adjunctive therapy of metformin and swimming exercise group were also investigated. Interestingly, we found that decreased visfatin protein expression in adipose tissue was not accompanied by decreased visfatin in circulation compared with metformin and swimming exercise group. It is unclear whether visfatin is secreted into the systemic circulation, as the primary visfatin amino acid sequence does not contain a signal peptide (30) . Visfatin may be secreted via an alternative pathway (31). The mechanisms above may explain the different results observed in serum and adipose tissue.
CONCLUSIONS
In conclusion, this investigation demonstrates that both metformin and swimming exercise lead to downregulation of visfatin expression in adipose tissue and serum, as well as improvement in glycemic and lipid profile, except in skeletal muscle, in high-fat obesity rat model. However, the current study is limited by the sample size, and the duration of swimming exercise may have been too short to result in changes of visfatin in the skeletal muscle. Further studies are needed to clarify the role of visfatin in the pathogenesis of obesity and type 2 diabetes.
